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‘To forget how to tend the soils is to forget ourselves’ – Mahatma Gandhi. 

 

Soils have been under cultivation since long time. As the quote implies, the 

health of soil have been forgotten through monoculture practice of agriculture 

and addition of chemical fertilizers that have depleted the natural soil 

resources and is reflected in agricultural productivity. Today agriculture 

struggles to find a way between feeding the world and managing the threats 

such as soil erosion, compaction, acidification, diversity and so on. In order to 

emphasize importance of soils and create awareness on the foundation of food, 

clean water, nutrient cycling and feed, UN general assembly has declared 

2015 as ‘International year of soils’. In India, land degradation is global 

serious problem which can occur in various forms including decline in soil 

fertility, loss of organic matter, acidity/alkalinity/salinity, toxic chemicals in 

soils etc. According to global data, 24 billion tons of fertile soil 

disappear/year; Due to drought and desertification each year 12 million ha are 

lost, where 20 million tons of grain could have been grown. Apart from this, 

74 percent of poor (42% very poor and 32% moderately poor) are directly 

affected by land degradation globally (UNCCD report). Such type of 

degradation shows up gradually and may extend beyond yield loss and make 

land unfit for agriculture impacting farmers livelihoods. Under such context, 

sustaining soil’s health and productivity has become the utmost need of the 

hour and a major shift in cultivation practices should be focused more for 

maintaining and improving soil resources which is crucial to our wellbeing. 
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India is blessed with variety of landscapes and climatic regions that is reflected in evolution of different 

soils and vegetation. Out of which, arid region comprises of 18.8 percent of the land area in the world 

that is spread over 31.7 million ha (Roy, 2011). These regions have major differentiating factors like 

climate, vegetation and biological activity which need special attention. They can be characterized by 

erratic and intense concentrated rainfall, high potential evapotranspiration, low moisture, high wind 

velocity and so on. Soil degradation occurs in different forms; overgrazing, exploitation of vegetation for 

food, fuel and fodder, faulty land use and wind erosion. Most of the area falls under Land capability class 

VI and VII which is recommended for pastures and grasses. Agriculture system is fragile in these regions 

and mostly dependent on rainfall. Generally the soils in this region are poor in fertility status, low in 

organic matter and Nitrogen, low to medium in phosphorus and medium to high in potash. Under such 

circumstances, traditional farming with trees or agroforestry (combination of trees, crops and pastures) 

with suitable selection of tree species such as Nitrogen fixing trees or multipurpose tree species will help 

in adding organic matter and improving fertility status of soil. Such a tradition of cultivating trees has 

been practiced in western Rajasthan since historic times. One such tree, Khejri (Prosopis cineraria) is an 

indigenous tree of tropical dry and thorn forest of North-western parts of India belonging to the 

Mimosaceae family. The tree is also called king tree of Great Indian Desert due its multiple benefits in 

conserving the fragile desert ecosystem. The tree is considered sacred by Bishnoi community as ‘Amrita 

Devi’ –a woman from the village and 363 people hugged the trees; sacrificed their life for the sake of 

khejri trees against the order of Maharaja Abhay Singh who wanted to fell trees for construction of king’s 

palace. 

The tree is small to medium in size, grows up to 10 m in height, can withstand extremes of temperature 

up to 50° C and less than 100 mm rainfall. It grows on variety of soils but mainly found in alluvial, 

coarse, and sandy, often alkaline soils where the pH may reach 9.8. It is a light demander and the older 

plants are drought resistant. Leaves are usually in two pairs with 7–10 pairs of leaflets. The flowers of P. 

cineraria are entomophilous and depend on insects for seed setting. Pods are usually 10–20 cm long, 

rigid, cylindrical, glabrous, having thin exocarp, pulpy mesocarp and papery endocarp containing 10–15 

seeds. Phenology (Flowering Time: February to March; Fruiting time: April- May; Leaf shedding: June – 

August; Leaf initiation: January-February; Pod maturity: June-July). Natural regeneration through seed is 

confined to moist places; asexual methods of propagation like air layering and patch budding has been 

reported. 

Since time immemorial, khejri has been friend of arid dwellers and providing all types of ecosystem 

services (food, fodder, shade, shelter, fuel, aesthetic value, improving soil fertility etc.). Some of the 

historic and old evidences proves it i.e., during India's Rajputana famine (1868–69), many lives were 

spared, using the sweetish bark as a food. In extreme summer conditions, travellers sit under the tree 
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while moving from one village to another. The camp of ‘marriage party’ happened under the tree shade. 

Animals rest under the tree and got protection from hot winds (loo) and summers. Every part of the tree is 

used. Pods also called as sangria, is used in making local dry curry ‘panchkutta’. Leaves provide nutritive 

fodder throughout the year and dry leaves are locally called as ‘loong’. Twigs and branches are used as 

fencing material. Thus each part of the tree is used and fits in to the name “kalp taru’ of arid region. Apart 

from this, through trial and error and by experience of local people and scientific community, it is proven 

that the integration of khejri with crops does not reduce yield of agricultural crops (CAZRI and AFRI 

experiments). 

Khejri is nitrogen fixing leguminous tree having characteristics of phereatophytic root system which 

enables to obtain water from zone of saturation or capillary fringe and makes moisture available to the 

agricultural crops/grasses in the upper strata of soil. Thus, there is no competition between trees and 

crops/grasses for soil moisture. It is also reported that the vegetative growth is high under this tree and as 

it is nitrogen fixing leguminous tree, it is known to increase the fertility status of the soil. Moreover, in 

agroforestry nutrient cycling takes place by three main tree mediated process. 1) Increased input of 

nitrogen through biological nitrogen fixation (BNF) by trees. 2) Enhanced availability of nutrients 

through production and decomposition of substantial quantities of tree biomass. 3) Greater uptake and 

utilization of nutrients from deeper layers of soil by trees. In khejri, fertility status of soil falls under the 

above said three categories. The following are the some of the reasons for fertility build up under khejri: 

1. Biological nitrogen fixation (Number of root nodules higher in lateral roots) 

2. Stem flow enrichment for soil moisture  

3. Non exploitation of surface moisture by roots  

4. Surface soil moisture and shade effects help in improving the microbial activity (Bacteria and 

Actinomycetes). 

5. Excreta/droppings by livestock and birds during grazing and nesting/shelter. 

6. Addition of leaf litter to soil during lopping practices. 

Apart from this, root tissues are continuously sloughed off and replaced, these sloughed off tissues along 

with senescent and dead roots contribute significant addition of organic matter to the soil/ecosystem. 

Many scientific studies proven that the available N, P, K content varies from 190-250 Kg/ha, 11-40 

Kg/ha and 300-633 Kg/ha respectively, when compared to open conditions. Micronutrients such as zinc 

(1.44 ppm), manganese (10.8 ppm), copper (0.89 ppm) and iron (2.8 ppm) content were higher under tree 

canopy (Roy, 2011). The mycorrizhal association plays an important role in decomposition of organic 

matter and nutrient cycling. One of the experimental studies shows higher spore population and increase 

in soil organic carbon under prosopis based agroforestry system than khejri as sole crop. The microbial 

biomass, nitrogen fixers, dehydrogenase activity etc. is depicted in table 1. 
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The mechanical composition of soil shows that sand percentage decreases whereas silt and clay 

percentage increases up to depth of 120 cm; in subsequent depths the trend is reversed. Under open 

conditions, movement of silt and clay is restricted to 90 cm with regular decrease in sand. It is evident 

that there is leaching of silt and clay to the lower depths under khejri trees. Lower pH values are also 

reported due to high organic matter, soluble calcium and lower calcium carbonate (Singh and Lal, 1969). 

Khejri is known to improve crop yields and perform better than other crop combinations/ trees in 

agroforestry. Experimental evidences have proven to be complementary with Cow pea, Cluster bean, 

Pearl millet, Mustard, Taramira, Wheat and Mung bean which has improved crop yield under this 

ecosystem (Table 2). 

Though the tree is present in scattered form in arid environment, it is beneficial to maintain tree density 

of 100-200 trees per hectare that can increase crop yield by 15 to 20 percent compared to sole crop. The 

tree is lopped for fodder and fuelwood. Lopping practices in winter helps for winter crops. It can be 

lopped annually to gain maximum fodder yield however, trees more than 75 cms can be lopped for 

maximum returns (Singh and Bishnoi, 2014). On the other side there are some negative effects of annual 

lopping due to pest and disease attack (Borer and fungus) that damage root system and also cause die 

back disease. In addition to this, abiotic factors including overexploitation of ground water, low rainfall 

over years and mechanization in agricultural practices (tractor ploughing) harm the roots which also may 

be cause of Khejri mortality. In earlier times, farmers used camel/oxen for ploughing and special 

attention was given to protect the roots of khejri trees. The change in practices is causing threat to the 

‘queen tree’ of the fragile ecosystem. 

The change in land use pattern and climate change impacts on agriculture will disturb the ecosystem 

services (soil, water, air). In this context, there is urge for sustainable soil management practices to 

prevent from process of degradation and desertification.  Moreover, soil plays an important role in 

optimizing nutrient cycling, organic matter production and reducing external input of fertilizers; however 

the information on input and output of nutrient system is lacking. In the light of present day situation, it 

can be said that khejri tree serves as ‘island of fertility’ in an ecosystem where resources are very much 

limited. Thus, more attention should be focussed on saving the ‘Lifeline tree of desert ecosystem’ for 

evergreen agriculture productivity and livelihood security. 
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Table 1: Nutrient status under Khejri based agroforestry systems in Rajasthan 

 

Nutrient Under khejri 

(Agroforestry) 

Open condition 

(Sole) 

Available Nitrogen (kg/ha) 190-250 100-150 

Available Phosphorus (kg/ha) 11-40 5-7 

Available Potassium (kg/ha) 300-633 150-250 

Organic carbon (%) 0.25-0.57 0.03-0.15 

pH  7.5-8.2 7.8-8.5 

Microbial Biomass Carbon (mole g g-1 soil) 491-1470 231 

Dehydragenase activity (p kat Kg-1) 18-25 10-12 

Number of VAM spores (100 gm-1) 90-160 45-105 

Free living nitrogen fixers (Azotobacter spp.) 

(x 103 gm-1) 

1.2-5.0 0.9-2.7 

Nitrogen fixing potential 

Nitrogenase activity (mole C2H4 h-1) 

55-95 40-65 

Hyphal density throughout year (No.g-1) 292.59-601 155.56-444.44 

Fungal biomass throughout year (mg g-1) 4.50-14.62 1.75-10.50 

Moisture Content Rainless period (November 

to June) mm 

27-50 5-15 

Moisture Content Rainy period (July to 

September) mm 

115-140 75-100  

Annual water output in mm per hectare 221 - 
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(50 trees) 

 

 

TABLE 2: CROP YIELDS UNDER KHEJRI AGROFORESTRY IN RAJASTHAN 

 

Crops With Khejri Without Khejri (Sole 

crop) 

Reference 

Grain yield 

(t/ha) 

Straw 

yield 

(t/ha) 

Grain yield 

(t/ha) 

Straw yield 

(t/ha) 

Cow pea  0.92 3.83 0.78        3.05 333 tree/ha 

Kaushik & Kumar 

(2003) 
Cluster 

bean 

0.82 2.49 0.69      2.03 

Pearl 

millet 

1.27 4.99 1.06     4.00 

Mustard 1.42 - 1.18 - 

Taramira 0.91 - 0.68 - 

Wheat  1.53 2.38 1.61     4.57 277 tree/ha 

Singh et al (2013) 

Mung 

bean  

0.20 1.8 0.18 1.70 208 tree/ha 

Singh et al (2007) 

 

 

 

 

 

 

 

 

 

 

 

Cluster bean + Khejri based agroforestry at Dausa, Rajasthan 
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Mustard+Khejri based agroforestry at Pali, Rajasthan 
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